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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To reduce leakage currents in a 
semiconductor device to improve the output of the 
device by forming an n-type current block layer 
containing a specific amount of Se as an impurity and p- 
type current block layer so that the n-type block layer 
cannot come into contact with an n-type clad layer. 
CONSTITUTION: On a surface of a p-type InP substrate 

1 , a mesa stripe is formed and a p-type InP buffer layer 

2, an InGaAs active layer 3, and an n-type InP clad layer 
4 are formed. In addition, n-type InP buried layers 5 and 
n-type current block layers 6 are also formed. The 
current block layers 6 contain Se as an impurity at the 
concentration of about 8x 1017cm-3. Then p-type InP 
clad layers 7 are separately formed on the layers 6 so 
that the layers 7 cannot come into contact with the 
layers 6. Then an n-type InP clad layer 8, n-type InGaAs 
contact layer 9, and n-type electrode 10 are formed. 
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(57) [fftt] 

&mf&£1nti*l}-x h7^^f1-5pf I n PIS 

y * f§ 6 i: £ JM1 L . HUpSn SIS/ o 

S/^Sfi. jB8 X 1 0 17 cm- 3 ^iic7)S e te^Wtok L 




(2) 

I 

h7^^ft5pf I n Pli^:, 
HUfBnSftSc:/* y^itt, »8X10 n cm" 3 ^±^ 
[«t*3S2 ] I n P Sr«tfS«±^»***tfc«B«i« 
mffS^BIM^cfi, '>4 < t t> ¥»St£JB t . 5 x l o 1 8 

- 7 X 1 O 1 9 c m- 3 (7) S e £^«#J £ LT^fr S e ^JJP 
[»*«3] pll n P*«±fcl4>fc< £ fcfiH4Ji*5 

Hniii^n *y?m*3£XJfipWMM'7* y? 

ffigBnlSttac^cz y?m\^ffimh lt!^xio ,7 c 
:/ n y * S £ ME n m * =7 v Vm t ftsfttt L * i/ ^ 3S& 

[0 0 0 1 ] 

[0 0 0 2] 

[0 0 0 3] £AT. B9t#RLft*6, pl^frl 
ffi JiIcmo C v Dfe* JE t JBrit L fc^SH* if <nf£ 
*«*r»W*i-5o B9ttpI*»Mfi±i:MOCVD 

5 0 *i\ piln PSEffil 0 1 ±CpI I n Ps<y7 

7l 10 2. ^Jt$L& 1 . 3^ m<£> I n G a A s 

1103, nl I n V9=7 y KB 1 0 4, *5j;^nS I 50 
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2 

n G a A s =. y ^ > <f # x — If SrKI&MO C V D&lC «fc 
"9ffM-T5 0 &^T\ < o l l >^{;s i 02 -v-^^ 

[0 0 0 4] &V>T\ S i O2 ^*^£^Lfc£3;<Dtt 

iA^H 10 5, niln Pli^P y?M 106, ioi 
rjpM I n Pti^o ^/^/I 10 7 ^H|g*MOC VDS 

nGa Asx y fy^>-j|^iL^i[^ 
nil nP^77Kll 0 8&JzXfnM I n G a A s ^ 
>^ hill 0 9^rMOCVD^J; QJ&iSrlrZ. %Ml 
tc, mmz.W& \ 10,11 l£^j£U JESWSSrfT 

[0 0 0 5] rw«t 5**36**-*-^***^--^ 

fi. I n G a A s Pf§ffrJI 1 0 3 <DffiM<D pnpnf^ 
yx^f|I«t6i^7'P 7^1 1 0 6, 1 0 7{C 
J: 9 % mtMfctym&K I n G a A s P&&/1 10 3 

n M I nP^7-7F|104hilI n P P y ^ 

ill 0 6«1^tiTi^:^riI^5 c rttti, 

nH nP^77Kll04iniI n P^C^n y ^ 

4^nll n Pl«yu 7^Il 0 6 ^>Bt5Ci^ 
[0 0 0 6] I n G a A s PffiteB 1 0 3fflH®^ 

- w J: 5 ftHiSSrMtSS-fSrB 1 0 (A) - (C) 
£#RRL*a«e>R9ii-3 (0iJxf±\ ELECTRONICS LETTER 
Vol.28 No. 19 p 1844^|Gtt$^T^S) 0 Hi 1 0 
(A) ~ (C) q'W12(t 7«-^3:y^>^*5J:tr41» 

|g|io (A) l-^i-J: 9 h7-r^l 
Mt-pMl n PtSa6iA^Ji 1 o 5 ^^W(-^h!ci-5 

^-^^ h7>r^«ifi^isftia*^*«(cisv^ (i i 

1) B gj (2 2 1) BSl^jr^^tL^o Hi 
0 (B) {Cfy<i~J: niInPiI/a 7 ^|10 
6 £ (221) Bffi^^icii^ &ft^Sfttc:»fiR-f 
5 0 111 10 (C) t^ti^f:, pllnPl 

[0007] K^-r^miiEt-^^e 
*JBrici-Si, (ill) BflSN-.i (221) Brfj.Lic 

I n Pll— ll^)pll n p-CJRfSStLfc (1 1 
1) Bm<r>±.{Zt*\3LkAs¥t&g:&-f* > nilnPlSy 
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3 

v yVM 1 0 6 £ I n P V 7 V KH 1 0 4 t (l^^u 

^-ftc^Si-rs- ^-C#5 0 r^j;?^, mocvd 

k{^£V, nlInPil7°o^Il06^niIn 

[0 0 0 8] L/^Lft^t>. _bl^3R-^jril. tV^Y 
^-fT^^i* pi I n Pil#>iA^H(7)J?:£ N n 

(2 2 1) tU<7)g$tC^|-LT, nMffi^t^n y^Mo^W- 

f&£tl% (2 2 1) ®(Og^{C^LT, nM«^^o^ 

£j&s-t?*fti\, 

[0 0 0 9] *%^^2COlKS^T^ii , 9T-*>So 
[0 0 10] -fThvazAt-J: VttMmi&&M!&-tZ>m 

-5<t, ^tyaA(-i§i-jF^^^- s*as*#< ft 

[001 1 ] - ^ IT* h 7>T /(a 9 

it^mt Ltd hv-Y^Jisi^^y -< =: k* 

66 iA a, -e NM6»«= <M- ^ (i , k <o tz ft \zmtR 

JIMsHftl6**s*<ft9. r<Dfc**1lfj«««rjBr LT¥ 
ffift**i6S-Cftft< ft5 0 iStRjS«£*5ffiiafas 

T£i±6r <>:(cft3 c 

[0 0 12] **Wtt±IEa5^tcaE^"C4*nfc*>WT? 



(3) ffl¥8-2 5 0 8 0 8 

4 

«fkpT*ft*SH*3S|itJtS:«tt+* <t "CfeS 0 
[0 0 1 3] 

tt^pSi np*fi<i:, Huie^-^* hy^y , <omm^ 

U fflfdn^m^^n X 1 0 17 cm" 3 0 

/(? Se^T^Hr^s fiiiEniil^p y?mtwi 
EnS^y Kil <^ dSfttt Lftt ^«5fi«r*i"S r <^ 

[00 14] ifc, pllnPlliC 
£Sulfi;* if* h 7 ^^KWt-ti^iAtf J: "5 ttM 

20 X 1 0 17 c m-HU^S e £ K"tV^f5: £ fcl «t 
0, HulBnMKSIE^ciy^JltliftKnffl^^y KJIfcAS 

[0015] fc$&W<n%$2(nMtf)n s i n p^tf^ftt 

«^*-rs«ft<<h. ffiBi*»««^'>ft< t t>- 

«fR»Bt««#i, 7 >ft< 1 1> f-te^-I : .Ji > 5 x i o 18 
-7X10' 9 cm" 3 oOS c &^m%0t IT^S e ffiM 

So 

[0 0 16] ^K?)fflCfcPT s fSttJB. ^7j/K 

fli, A I As, G a A s , I n A s , A! P, Ga 
Ps *oJ:l>* I n Po>? ho)'Pt£< 1 1— &5^f;fc^ 

n ^> wfifi, * fete r n ^> ^iffi^m^-^^-tt^^ii^ 

[0017] ll W|£W(C*5V^r, 7<if* h7-f T^JI 

^ atcfi. ^ft< ^ WSttE*5j:tJ 5 nS!^ 7 y Kg^^j^ 
^ns c . ^ttI^J:t>'nl^7 7KI^ 

C>*xSo ^^"^ h7^r«iS^ffl«)3&tf*iifls:Ji 

Mi, ^ItlnPJI, InGaAlAsl, In 
G a A s P il. f nGaAsi, InAlAs fl^^ 

if fcttSo 

50 [0 0 18]JBlWSHl:m, nllS/P^^l 
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5 

S e(OM^8 X 1 O 17 cm- 3 Jt^.h(CHS/E 

mt urn?? y KJitAsshSfc-rs^fe-cfcSo 

MjffS H^ttHti\ 2X 1 0 18 ~5X 1 0 19 cm" 3 ^ 

3 0 ccortSd. ^f^hy-f^m mocv 

[ooi 9] »2<d*W^*5V^t. 

LED. PD, HEMT, HBL ^t^-V^^ 

if, ^a^fb^-T-s itmMMmitm^ (v^soei 

[0 0 2 0] «2<D«W^*5V^T, 

<n*m>WM*<owm\z£.*) pll nPl, 1 

n A 1 A sf, I nGa As Pi, I n G a A s JL &> 

f&SMftJI t Itfi, m&&MW}\\<n I n P , I n G a A 
s P. I n A I A s . I n G a A s . $>2>\,^*-£<Dffl.Z* 

[0 0 2 l]$2W»^t, Se»l^t^tl 
5 S e OMI'S X10 ,8 -7X10 19 c m- 3 (rl^^-r 
5o S e«flPJilC*g'£*I,£ S ea>«£E^5 X 1 30 

0 18 c m-^i-Cfc^ ^ WM^iAWT^f , Se 
<£>*Sj& s 7 X 1 0 19 c m" 3 ^li§ tm\M<Dm^h^wa, 

<tezfab-?*>Zo «^»*Li^«ia«, 1x1 

0 l9 -6X10 ,9 cm- 3 tfc5o Se^Mtt 
van der Pauw Hal IM'fcfelzJz&MlSL&M^L-, f&fttt 

[0 0 2 2] m2c7)^PJi-^o^T(i. ^*6att«*5j:t/ 

&A\L&m&+Z>k, MOCVDS^filiCBE (Chemic 40 
ai Beam Epitaxy ) Srfllt>3 d £ jtfSl* Lt\ 
[0 0 2 3] 

0 17 cm- 3 ^Se^Mii:Lt^ n fflfltat:/* y 



#PI¥8- 2 5 0 8 0 8 

[0 0 2 4] niIijfL7'P7^1^8X10 17 cm- 3 
WSe*r^«»4:LT*tprt(Cj:i5, nl 
tiiyn^liS, Sel^ft (W*.tfH2 Se) <D«ij& 

* £ n ^«^ft ;/ p y ? m *<n * * V T mSL k *>B8«*r^ 

«®^*5*t5 ni I n P«05tilt**Stt3S«Ji^»fB* 

[0 0 2 5] #*W<a* 2 <0*lfl Ktt 
5X10 18 -7X10 ,5 cm- 3 (7)SeMl5i:L 

[0026] z<Dftmmmz&\,^xte, mmm& (stt 

jt£*LT^<5 e SelI^5X10 18 -7X10 

o>|igttt£:^TL"J»^ [Ml 

w&mtb&ttjjfa mf-^mzjifa) ^a>j**a««ft« 

itJK^If* h^^«f£^M«£rlII8 (A) - 

(C) ^^-To I^J8 (A) IC^J:?^ SeifiW 
3893<Dffilffl^-C£>5i£j 1 X 1 0 18 c nr 3 "Cfo3*g\ » 

t^ss^*^ 9 1 z^-y-* by 4 y*9 2\mmz.s e mn 
mi^L-c, 111 8 (b) jjjci/ (o {c^-rj: 

^AnH9 3oyt^ h7^ ^9 2«iii^wja6*is % 

[0 0 2 7] ^fc, ^P^(DB2<D^cD^f4 i :^|c 
J:tLfi\ S eM^r5 Xl0 18 ~7xi0 ,9 c m- 3 [C^ 

[0 0 2 8] 

J^T, **W<7>iai6eil«:HieSr#flRLrft#: 
(^f^J 1) Bi 1 

s (^*<*u-if) <o-**6«4r*-rirrffiia-efcSc 11 

^HiplInPl»^to pllnPSfil^-* 

f^h^^TWlCIt piInP/<y7ri2, InG 
a A s P iSttJi 3 , *5j:t/n M I nP^7yK|4 
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(5) 

7 

InGaAs PiSttJi 3 N *J<tt/n 
ainP^77Ki4t««t5J:5^ pllnPl 
«)^i5^^$tLrv^, pSlnP»Ml5 
±.\a±* nl I n Pfg7P v?m6&WZf&£ftX}3 
9. nil nPi^ny^i6±|C(t pSlnPt 

PUSfcT/p y?m6 knW I nP^7'> KS4 Hilt 

KSS^JF^^ttT^ 1 ?, ^ICttnilnGaAs 70 

6 0 pIInPlil^i^iMl piiym 

in asjgjftSixT^So 

[0 0 2 9] 12 (A) - (F) 

1^1" <5. £i\ HI 2 (A) J: 5 fc* p^inP 

3&Kl _b^. MOCVDSta 9 pfWMI^ 1 X 
10 18 cm- 3 . f^2jum^plInP^5/7rl2, 
InGaAsPM:l3, nI«ISlX10 18 c 

{>'nl I n G a A s x 7 fy^$- € 1 3 £Jli#:Bj& 

[0 0 3 0] #Cl^T% IE! 2 (B) ^xj<i"J: <01 

1 >^TfHlic:te*5 ju mCOS i 02 7h7-f^7^12 
SrflgdcLrtift, rjh^^s^^&SSLT, El 2 (C) 

[0 0 3 1 ] #C^T\ HI 2 (D) tC^-J-J: 9C> SiO 50 
2 -^^1 2^r^Ufc^^T% MOCVDS(Cj:l3pi 
Ml^ixi0 ,8 cm- 3 , f^0. 6jumC0pM 

I n Pflfifci^li 5 . nI^»IS^ 6 X 1 0 1 8 c m 
~ 3 . flt £ 1 . O/imWnilnP 1^^ oy^f6, *5 
iU'pIT^I^lXlO^cm- 3 , Jl^l. 4 n 
mro P SlnPt»^^B7 *rW*»l« i" 5 1" 5 „ 

<t LT(iS e £r/Rv^ 0 

[0 0 3 2] ~<Dm&* -BBOpSlnPfflfe^H 

1) BiEioJ;^ (2 2 1) -IS 
OS e £: K— f^^LfcnS! I n P®»ft:/P yVMb 
Ji, h^^^JJSCO (111) BS5*Jj:tf (2 2 

1) Bli^mi^mfl^^o SelrnlW 

(111) BifiSiJ:!* (2 2 1) BgiiaJlt^nll 
n P|g7'D y^m6<nf&^:m&^nP\^tl^ 0 
[0 0 3 3] #^T\ M2 (E) M^i" <fc 9 S i O 

2 -e*^ 1 2 ^.tt^ I n G a A s =-yJ-l/'/?^~-M 1 
3£l&5feL/-flHC N MOCVD&lCi^nlWM 50 
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!Xl0 18 cm- 3 , f^l. 4/imOniInP^7^ 
KJf8^<t^nM^*E^SS^l x 1 0 19 cm- 3 , J?£ 
0. 5 u mOnffl I n G a A s M9$riSt 
5o HI2 (F) ^-TJ;?^ nilnGaA 

s 3^^H9±lCn«Wl OftMU plln 

p*tEi ±tcpiRfjm®i i *»*L, zbi^zoomm^ 

!f«-*BBi"5wt(c 
[0 0 3 4] *%W<^JB i W56W^*WffSSlH-*5V^T 

(a) - (o \£nmmffi7*iy*m<n**i)Tmgtk 
nit^yp vtrmmzythoim&ZTF-to ms (a) 

ti=*Y y 7m&tf~ 2 X 1 0 18 c m- 3 ^|^L, HI 
3 (B) (^ty7i6^6X10 ,8 cm- 3 (/)^ 
HI 3 (c) (i^r-r yrjtit^-2 X 1 0 19 cm" 3 

o^^-n y r»s«i--<-c (100) 

m±.X<Di&X3bZ>o HI 3 (A) ~ (C) 

Sew^tyrMW<^5icL^or (Hi 3 

(A) frhm3 (C) ) % ^t^h7^7 5 liWI n 

P<o*S*j«*^#|3*JSnSJ:5(-ft5o 4*t-* ^rtyr 

jgJK^-2 X 1 0 19 c m- 3 ^#^(C(i, ^tXh7^^ 
«iBWttie< tT'nll n P|6^g^SIg(^fL 

[0 0 3 5] I(7)J:^^ SeO^-A^rllS^^X^ 
^.(a^ot, ^t^f7^7 P lDl"r'OI nP»g| 

I n Pffi^iZ^JiOjp;*, nft^/P 

i <nmw%m ^^zt^xK> , n sn-nsfc y 

» t n §8 ? y v KJi * «>IW<0#l*S:#*(-#* l£f ? 5 - 
[0 0 3 6] «wl^c^^rii, nlfS 

7'd ^/^jgO^-Y y 7lSlrpfIl7p ^^liO^r-r 
mtOXh % Z n ift? n MUffi^ p y ^ W ^tttfc IT n MM 

y7*S»^fcfe^ P n p n*»0>*3r7n ^/^^ 
fj>, *«W^)JBl W«WJC*5V^r!i, nItI/D'7^ 

[0 0 3 7] *^Ht«tC*5V^-Ctt, I nGa As P*<7) 
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1. 3 S^n^l — inM^TIBW3LT^5j& s , ftiW 

■To 

[ 0 0 3 8] HJ4 :, 2 3li^rtyrlS^l X 1 0 18 cm 

* b 7 << -ftDiamzi*. ««5Ga I n As Pit 
*5j;tfGa I nAs PH<7)^^#Sft^FtfitJ:^^ 
5iS*l=» 2 2 N niInP^77Hl21 ^if^tlT 

y?<Dtl&>(D$ i fe&PnM I n Pjf 2 5. *5J:U«^*6» 
<|4 (FeW I n P12 6 £*l/CV*5 0 

[0 0 3 9] ^|ft|fc«:"l nPl26 _L{C(±, *^-¥»ffc 
(DtHsbiZ, 5X1 0 ,9 cm- 3 (Dilig^Se^ttj>Se 20 

m)mmiAm2 7 h 7 -7<DMim<n\g\i&&&toz> 

J: 5 {CJF^)t^nT^5o S ef^P*AJf.2 7_hl:i 

0).|-.tn«W^7y KH 2 9*«JKj*$tb, -t^JiM'** 
— >{kSttfcS i O2 MR1R3 2^/££tLTV>5 0 * 
fc, K«2 9*JJ:T/S i 02 t6(KME3 2±^(i, 

njfjm^3 0«fi£$tltfc^ S i O2 »fl!3 2 1; 
^tt, pW1ttt3 1 tfJBricSttTV^o 
[0 0 4 0] jf(7^M5tX^.^^o^T^, 

^il^IA^-112 4, Si «nf T n Pjf2 5, *5j:t5 
I nPi26 U itHSro S e MsTJPffliA 

12 7*5j:^'jg:SrL I n PJR2 8 T^^Ay/f^, n 
M<D*7 3/ Kit 2 9«L, *<75»4|II«±0V^ — 

ftfc*ifii£r*rt-3£>T, KSIft^S e j56*nSlliJB2 7Sr 
f*r£ ft^Wffc i — - T ^ It^S £ fi 6 a»l£jEflttc:/<* - 

^■e#5„ Ctt(i, S e ^r^Mit-e^JPLTV^g^, 
T-mmii i n p If 2 6 co«lrlJ-/*fti-5 r. £ ^SpftiJ £ 

*U I n Pl=ftt2 3<7>WliiJ!;fHi^«*W«-JS*Lfcfc 
[0 0 4 1 ] (M5«*%B^^2<O^WtCl«5^Wfr£E 

S o ftii (75 Hlfiffli oSEW&Wj* £ ^ -t-WiBKI t? fc 6 a r * 
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[0 0 4 2] Hf 4 1 tt^Jftlfttt I n PSfi^^to ¥ 
iffefttt I n P«4 1 _hiC{i, F e Sfc&P I n A 1 A s s< 

777-14 2, I nGaAsff ^;US43, In 
A 1 A s t^Jg 4 4, I n A 1 A s ^fitj^S 4 

5, I n A 1 A s s >3 7 h3r— =1:/^ M46, ;JoJ; 
T>* I n G a A s ;7^^y^ni47 /5>H!I&7I^ 

^tUTV^o I n G a A s vy^3^^M47 
i3j;0«InAlAs'>37 h^r— bJ§4 6<D-- 

ffiCOffi^i-, I n A 1 A s ~>3 y h^r— ? M4 

<omWZs I n G a A s ^>^yHl4 3 £ Trig "f 58! 

[0 0 4 3] £tz. s .hE b 7 ^ ^ Srffi^*-f 
Ki-fciHiWKfcltit, F e InAlAsA 7 77- 
14 2*T?«i-Sn!]ft^Mfc**LT*3l3, -t(OHlWrt«C 
F e^JP I n P«5 1 tfBfdi & tlT \* ^ Z c F 
e^&fcP I n Pl| 5 1 _h(-ii, S e $&JR I n Pig 5 

2d«-t<ODU«*fflfeS«t5^LTJKfi8^*trv^o * 
f~ N FettlnPfSlllClt JBHIftiHR5 3**^ 

5o 

[0 0 4 4] ±^f#^Wt-5^^Si-*5^Tll, 

(c *5 « 6 ft m<o w- 3&s s r v n ^ <t> r% 

[0 0 4 5] IE} 6 J4*«M^!R 2 0>«WJ£«5^»flcK 

[0 0 4 6] 6 1 I n PM^r^to ^ 

(SUttl nPSfi6 1±(Ctt, p 

IInGaAs^-^163-, niInPx;^f6 

4, fSXTfnM I nGaAs ^ y^^V^^ M6 

3^ I nGaAs 6 3 ^TtiUni^ ^ 

Jg6 2«c«Srlft(tr=i l/^^f««:»jJU 

Px^- 7 ^i6 4^t^LTpII nGa A s X 
16 3±.(C-<— ^1(16 7;&SflM£ftT:fc«9> n^In 
G a A s ^ t? bM6 5_t(^^^ jx ^«^sE 

6 6^MStltt^o 

[0 0 4 7] Sfc. _hte h7>^^«rffi^*« s E)» 

Bti-S^lllWWictt, ¥iie*tti nPSSei ^r-iti- 
±t-tt % s c aa&Aii inPi7o As^roimfflSrffl* 

5 J: 9(-LTJFM^tiTi^o 
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[0048] ~<Dmm&&-rz>y*'<<{ *i±. x.m./>mm 

[0 0 5 0] 1^7 1 l±*Mfe»tt I n P £ffiSr^-r o # 
«64K«l£ I nPSfi7 1±m l/-fffl = >^^ hzh— 
V7^piInGaAs|72, P iInPl73, U 
— 9*»ttJB 74, nIInPl75, KMftfl&ttJI 7 
6. p$!lnPl77, Joit/pilnGaA s 7h— ^ 

[0 0 5 1 ] KM«M (H7WttB[Rl^oT&fll) 
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